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General remarks:

Melting points were determined on a digital melting point apparatus and temperatures were
uncorrected. Optical rotations were determined at 589 nm (sodium D line) by using a
Perkin-Elmer-341 MC digital polarimeter; [o]o-values are given in units of 10 deg* cm? g *. *H
NMR spectra were recorded on a Bruker AM-300 and AM-400 spectrometer for solution in CDCl;
with tetramethylsilane (TMS) as an internal standard; coupling constants J are given in Hertz. **C
NMR spectra were recorded on a Bruker AM-300 and AM-400 spectrophotometers (75 or 100 MHz)
with complete proton decoupling spectrophotometers (CDCls: 77.0 ppm). 3P NMR spectra were
recorded on a Bruker AM-400 spectrophotometers (161.9 MHz) for solution in CDCI3; with 85%
HsPO, as an internal standard; infrared spectra were recorded on a Perkin-Elmer PE-983
spectrometer with absorption in cm™. Flash column chromatography was performed with 300-400
mesh silica gel. For thin-layer chromatography (TLC), silica gel plates (Huanghai GF254) were used.
Chiral HPLC was performed on a SHIMADZU SPD-10A vp series with chiral columns (Chiralpak
AD-H, OD-H, and IC-H columns 4.6 x 250 mm, (Daicel Chemical Ind., Ltd.)) and chiral column
(Phenomenex Lux 5u Amylose-2 column 4.6 x 250 mm (PA-2, (Phenomenex Ind., Ltd.)). Mass
spectra were recorded by EI, ESI, MALDI and HRMS, measured on a HP-5989 instrument.

1. General procedure for asymmetric [3 + 2] annulation.

Catalyst TP was synthesized according to the literature [1], and its yield, characterization and

spectra are provided in [1].

General Procedure for Asymmetric [3 + 2] Annulation:

Under an argon atmosphere, a mixture of maleimide 1 (0.2 mmol), MBH carbonate 2 (0.2 mmol)
and catalyst TP (0.02 mmol, 11 mg) in toluene (1.0 mL) was stirred at room temperature for 24-48 h.
Then the solvent was removed under reduced pressure, and the residue was chromatographed on

silica gel (elution with petroleum ether/EtOAc 10:1-4:1) to provide compound 3.
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(3aR,4S,6aS)-ethyl 4-(4-nitrophenyl)-1,3-dioxo-2-phenyl-1,2,3,3a,4,6a-hexahydro
-cyclopenta[c]pyrrole-5-carboxylate (3a). Yield: 30 mg, 74%; yellow oil; IR (CH,Cl,): v 3076,
2981, 1779, 1716, 1635, 1597, 1519, 1496, 1456, 1348, 1273, 1181, 1089, 1053, 1014, 988, 889,
852, 814, 769, 752, 734, 692, 661 cm*; *H NMR (400 MHz, CDCls, TMS): 8 1.19 (3H,t, J = 7.2
Hz, CHs), 3.52 (1H, dd, J = 2.4, 7.2 Hz, CH), 4.06-4.18 (2H, m, CH,), 4.34-4.38 (1H, m, CH), 4.77
(1H, d, J = 1.2 Hz, CH), 7.06 (1H, dd, J = 1.6, 2.4 Hz, CH), 7.28-7.30 (2H, m, ArH), 7.40-7.44 (3H,
m, ArH), 7.47-7.51 (2H, m, ArH), 8.22 (2H, d, J = 8.8 Hz, ArH); *C NMR (100 MHz, CDCl;,
TMS): 6 13.9, 52.2, 52.9, 53.2, 61.3, 124.3, 126.3, 128.0, 129.0, 131.2, 138.6, 140.8, 147.3, 148.9,
162.4, 173.7, 176.3; MS (ESI) m/z (%): 407.0 (100) [M* + 1]; HRMS (ESI) Calcd. for
C22Hi1gN2NaOg (M + Na) requires 429.1057, found: 429.1062; Enantiomeric excess was determined
by HPLC with a Chiralcel 1C-H column [A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate:
0.7 ML/Min; tmajor = 28.13 Min, tminor = 38.19 min; ee = 96%; [a]*°p = +383.9 (¢ 1.0, CHCI3)]
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column
[A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/Min; tmajor = 28.13 min, tminor =

38.19 min; ee = 96%; [a]*°> = +338.9 (c 1.0, CHCI5)].

NO,

Me—N ’ CO,Et
)
o

(3aR,4S,6aS)-ethyl 2-methyl-4-(4-nitrophenyl)-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo-
penta[c]pyrrole-5-carboxylate (3b). Yield: 34 mg, 99%; yellow oil; IR (CH,Cl,): v 2983, 1782,
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1704, 1635, 1597, 1519, 1494, 1434, 134, 1273, 1203, 1096, 1045, 1014, 1000, 959, 894, 852, 814,
792, 755, 736, 700, 659 cm™; *H NMR (300 MHz, CDCl3, TMS): 6 1.18 (3H, t, J = 7.2 Hz, CH3),
3.03 (3H, s, CH3), 3.36 (1H, dd, J = 2.1, 7.2 Hz, CH), 4.02-4.17 (2H, m, CH,), 4.20-4.25 (1H, m,
CH), 4.64 (1H, d, J = 1.2 Hz, CH), 6.98-6.99 (1H, m, CH), 7.40 (2H, d, J = 9.0 Hz, ArH), 8.21 (2H,
d, J = 9.0 Hz, ArH); **C NMR (75 MHz, CDCls, TMS): § 13.9, 25.2, 52.1, 52.7, 52.9, 61.2, 124.0,
128.0, 138.6, 140.4, 147.2, 149.1, 162.4, 174.8, 177.3; MS (ESI) m/z (%): 345.0 (100) [M* + 1];
HRMS (ESI) Calcd. for Ci7HigN:NaOg (M* + Na) requires 367.0901, found: 367.0893;
Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column [A = 214 nm; eluent:
hexane/isopropanol 50/50; Flow rate: 0.7 mL/min; tmajor = 39.74 MiN, tminor = 46.57 min; ee = 98%j;
[0]% = +282.8 (c 1.0, CHCI5)].
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Chiral HPLC Report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column
[A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/Min; tmajor = 39.74 Min, tminor =

46.57 min; ee = 98%; [a]*’p = +282.8 (¢ 1.0, CHCI5)].

NO,

0
W,
Bn—N ‘ CO,Et
A
o
(3aR,4S,6aS)-ethyl 2-benzyl-4-(4-nitrophenyl)-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo-

penta[c]pyrrole-5-carboxylate (3c). Yield: 36 mg, 86%; yellow oil; IR (CH.Cl,): v 3077, 3033,
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2981, 2936, 1776, 1708, 1635, 1604, 1558, 1455, 1431, 1393, 1348, 1271, 1202, 1169, 1095, 1054,
1014, 991, 931, 905, 851, 814, 753, 714, 699, 660 cm *; *H NMR (400 MHz, CDCl3, TMS): 6 1.16
(3H,t, J = 7.2 Hz, CHs), 3.34 (1H, dd, J = 2.4, 7.2 Hz, CH), 4.04-4.13 (2H, m, CH,), 4.18-4.21 (1H,
m, CH), 4.62-4.70 (3H, m, CH,+CH), 6.97 (1H, s, CH), 7.26-7.38 (7H, m, ArH), 8.18-8.20 (2H, m,
ArH); *C NMR (100 MHz, CDCls, TMS): & 13.9, 42.8, 52.2, 52.7, 52.9, 61.2, 124.2, 127.9, 128.2,
128.72, 128.75, 135.1, 138.6, 140.4, 147.2, 149.1, 162.4, 174.4, 176.9; MS (ESI) m/z (%): 421.1
(100) [M*+1]; HRMS (ESI) Calcd. for Co3HxN:NaOg (M + Na) requires 443.1214, found:
443.1198; Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column [A = 214
nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 29.77 MiN, tminor = 33.60 min;

ee = 94%; [a]*°p = +243.3 (c 1.0, CHCI3)].
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column
[A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/Min; tmajor = 29.77 Min, tminor =

33.60 min; ee = 94%:; [a]*p = +243.3 (¢ 1.0, CHCI5)].

NO,

o
||l’> CO,Et

(3aR,4S,6aS)-ethyl 2-benzhydryl-4-(4-nitrophenyl)-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo-

el
Ph. Y.

N
PH )y““
ol

penta[c]pyrrole-5-carboxylate (3d). Yield: 50 mg, >99%; yellow oil; IR (CH,Cl,): v 3064, 3030,
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2924, 2853, 1776, 1712, 1634, 1598, 1520, 1495, 1449, 1348, 1272, 1190, 1170, 1094, 1031, 1014,
988, 920, 895, 853, 810, 738, 699, 663 cm *; *H NMR (300 MHz, CDCls, TMS): 6 1.18 (3H,t, J =
7.2 Hz, CH3), 3.36 (1H, dd, J = 2.1, 7.8 Hz, CH), 4.06-4.16 (2H, m, CH,), 4.19-4.23 (1H, m, CH),
4.68 (1H, d, J = 1.2 Hz, CH), 6.52 (1H, s, CH), 7.00 (1H, d, J = 1.2 Hz, CH), 7.23-7.28 (4H, m,
ArH), 7.31-7.38 (8H, m, ArH), 8.17-8.20 (2H, m, ArH); **C NMR (75 MHz, CDCls;, TMS): & 13.9,
52.0, 52.8, 52.9, 58.7, 61.2, 124.2, 127.9, 128.0, 128.2, 128.42, 128.46, 128.5, 136.8, 136.9, 138.8,
140.5, 147.2, 149.0, 162.5, 174.2, 176.9; MS (ESI) m/z (%): 497.0 (100) [M* + 1]; HRMS (ESI)
Calcd. for CagH24NoNaOg (M* + Na) requires 519.1527, found: 519.1507; Enantiomeric excess was
determined by HPLC with a Chiralcel IC-H column [A = 214 nm; eluent: hexane/isopropanol 50/50;
flow rate: 0.7 mML/Min; tyajor = 16.59 Min, tminr = 21.27 min; ee = 98%; [o]*% = +271.7 (c 1.0,
CHCI3)].
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-0.000

\ \\V%%/ \W///\\/ =,
aozcwz:
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cdeit E. 2011-08-17, 21:05: 56
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N2000 8% T TEsy 1

SEOEHTE]: 2011-08-17, 21:54:52 LaE
s B s B S SR \HPLC  dhp v dhp- 17- T3 2-N-CHPh2-IC-50-50- 5t & 2011-11-18, 21:52: 10
0. 7-21d-asy. org W mlmE—&

£, ifh B (dhp—17-73-2-N-CHPh2-IC-50-60-0. T-214-asy. org)

asaf+--————--

e e e F====== i ke A= === ;’ _____

800; - —-——--- N ntniieieiinte ettt el ittt 1-mmm Ao Fo----

B80F - —--—--- - t------ - F-----

SDD——l ———————— - o —_, e ——— - —————

750F - - - dommm e I I bommem

700f - - - - " e Ao Fo----

BEOF - - - N B

B0 1 beooem

&0 + R

E 500 ; T

— 1 L

g e T § BRRae SEELEEEE EEPELEE FECEEEEE SR TP e

# 400 ! b

350 H oo

300 + ro---=

250 1 ro----

1

160 [ 4 | IR

100 i PR

50 1 ro----

R IR S0 I S it A S

I A [ Lo ___ R, [ 1 L_____

12 14 16 18 20 22 3
B {81 (min)
PTERE
353 -] {R P B ) (7.1 L Jig R
1 16,583 073381, 438 15920479, 000 06,1817
2 21.275 3427. 888 131353, 188 0. 8183
B‘H“ 976809, 325 16051832, 188 100, 0000
[o31 )
o = IC-H, 214 nm
i — .
Et0,C C N—( HexanelPrOH =50:50
Bh 0.7 mLimin

o]
asy

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column
[A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 16.59 Min, tminor =

21.27 min; ee = 98%; [a]*p = +271.7 (¢ 1.0, CHCI5)].

NO,

. O

b,
N ‘ CO,Et
O )
(0]
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(3aR,4S,6aS)-ethyl 2-(naphthalen-1-ylmethyl)-4-(4-nitrophenyl)-1,3-dioxo-1,2,3,3a,4,6a-
hexahydrocyclopenta[c]pyrrole-5-carboxylate (3e). Yield: 43 mg, 91%; yellow oil; IR (CH,CL,): v
2981, 2920, 1777, 1708, 1635, 1598, 1519, 1428, 1394, 1347, 1271, 1174, 1096, 1014, 990, 852,
792, 778, 736, 699 cm *; 'H NMR (300 MHz, CDCl3, TMS): 6 1.16 (3H, t, J = 6.9 Hz, CH3), 3.30
(1H, dd, J = 1.8, 7.2 Hz, CH), 4.03-4.19 (3H, m, CH+CHj), 4.65 (1H, d, J = 1.8 Hz, CH), 5.12 (2H,
s, CH,), 6.98 (1H, dd, J = 1.8, 2.7 Hz, CH), 7.33-7.36 (2H, m, ArH), 7.42 (1H, d, J = 7.5 Hz, ArH),
7.46-7.58 (3H, m, ArH), 7.78-7.86 (2H, m, ArH), 8.16 (2H, d, J = 8.7 Hz, ArH), 8.23 (1H, d, J=8.1
Hz, ArH); 3¢ NMR (75 MHz, CDCl3, TMS): 6 13.9, 40.6, 52.0, 52.6, 52.8, 61.2, 123.2, 124.2,
125.1, 125.9, 126.6, 127.9, 128.7, 129.0, 130.1, 131.1, 133.7, 138.6, 140.4, 147.1, 149.0, 162.4,
174.5, 177.2; MS (ESI) m/z (%): 471.0 (100) [M* + 1]; HRMS (ESI) Calcd. for C27HzN2NaOg (M*
+ Na) requires 493.1370, found: 493.1363; Enantiomeric excess was determined by HPLC with a
Chiralcel PC-2 column [A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor

= 34.85 min, tm.nor =83.52 min; ee = 96%; [oqz"D +204.5 (c 1.0, CHCI3)]

mmmmmmmmmmmmmmmm )

\\\/ iz

Y
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CiperatorAdministrator Timebase:HPLC  Sequence:test0B 14 Page 1-1
2011-8-26 1017 £F

192 DHP-17-72-3+- PC-2 55 214 0.7
Sample Narme: DHP-17-72-3+- PC-255 21407 Injection Volume: 5.0
Vial Mumber: RA1 Channel: Uv_VIS_1
Sample Type: unknown Wavelength: 214
Control Prograrn: WXL Bandwidih: n.a.
Cluantif. Method: WXL Diiufion Factar: 1.0000
Recording Time: 2011-8-19 11:02 Sample Weight: 1.0000
Run Time (min): 116.57 Sample Amount 1.0000
14 lest0B14 #192 [modified by Administrator] U WIS 1
Al WL 2T4n
R 1 - 34 8B)
120+ |
1004 ‘
o] |
oo |
1 ‘ - 83200
- I.‘\II
i I
40+ | (|
] A
] | | I| |
204 | | [\
] [ | [
: ‘I | f I' f \
4 AN | Y
D——-H"L S PN AV AN - JooN
] min|
e e L L At Ot S L Sy B
0 10 20 a0 40 a0 a0 0 80 an 100 17
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 34 .96 na. 1234829 217480 4018 n.a. BME
2 83.20 n.a. 54.025 215833 4982 n.a. EME
Total: 177854 433413 100.00 0.000
M
i o]
EtQ,C C N PC-2, 214 nm
Q Hexane:!'PrOH = 50:40
© O 0.7 rLmin
rac
Chromeleon (c) Dionex 1996-2006
default/integration Yersion 5.80 SR10 Build 2318 {166359)
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OperatorAdministrator Timebase:HPLC  Sequence:tests 14

Page 1-1

2011-8-26 10:19 £

193 DHP-17-72-3

Sample Name: DHP-17-72-3 Injection Volume: 5.0
Vigl NMurmber: RA2 Channel: UvV_VIS_1
Sample Tvpe: unknown Wavelength: 214
Confral Program: WXL Bandwidif: n.a.
Cluantif. Method: WXL Ditution Factor: 1.0000
Recording Time: 2011-8-19 13:00 Sample Weight: 1.0000
Run Time (min): 115.18 Sample Amount: 1.0000
4np1Bst0B14 #183 [modffied by Administrator] DHP-17-72-3 Uy WIS 1
sl WL 2T n
] 1-34.847
350 |||
300 ‘
250 ‘
200 “
150 ‘
100 |
] I
. |
507 | |
4 II
1 0 VAT B N __2-83520
4 T
] TN
S T T T I T ] T T
0 10 0 a0 40 a0 &0 70 an an 100 15
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU min %
1 34.85 n.a. 353746 B13639  5B.18 na. BMB*
2 83.582 n.a. 3.027 11.382 1.82 na.  BMB*
Total: 386773 B25.022 100.00 0.000
(o7}
i o]
PC-2, 214 nm

default/integration

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel PC-2 column

[A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 34.85 Min, tminor =

83.52 min; ee = 96%; [a]*°> = +204.5 (c 1.0, CHCI5)].

S17

Hexane'PrOH = 50:50

0.7 mLfmin

Chromeleon (c) Dionex 1995-2006
Version 6.80 SR10 Build 2818 (166988)



e

0
Ph. .
>—N Q CO,Et
PH ™
o

(3aR,4S,6aS)-ethyl 2-benzhydryl-4-(3-nitrophenyl)-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo-
penta[c]pyrrole-5-carboxylate (3f). Yield: 43 mg, 87%; yellow oil; IR (CH,Cl,): v 3064, 3030,
2981, 2931, 1777, 1712, 1633, 1600, 1584, 1530, 1496, 1477, 1449, 1352, 1271, 1190, 1171, 1095,
1031, 989, 892, 873, 858, 808, 737, 700 cm *; *H NMR (300 MHz, CDCl3, TMS): 6 1.18 (3H, t, J =
6.9 Hz, CH3), 3.39 (1H, dd, J = 2.4, 7.5 Hz, CH), 4.06-4.17 (2H, m, CH,), 4.23-4.27 (1H, m, CH),
4.69 (1H, d, J = 0.9 Hz, CH), 6.52 (1H, s, CH), 7.01 (1H, d, J = 0.9 Hz, CH), 7.23-7.35 (10H, m,
ArH), 7.49-7.54 (1H, m, ArH), 7.59 (1H, d, J = 7.5 Hz, ArH), 8.00 (1H, s, ArH), 8.12 (1H, d, J=8.1
Hz, ArH); B3¢ NMR (75 MHz, CDCl3, TMS): & 13.9, 52.1, 52.8, 58.8, 61.2, 121.6, 122.6, 128.0,
128.4,128.5, 129.9, 133.6, 136.9, 138.8, 140.5, 143.8, 148.6, 162.5, 174.2, 177.0; MS (ESI) m/z (%):
497.0 (100) [M* + 1]; HRMS (ESI) Calcd. for CgH24N,NaOg (M™ + Na) requires 519.1527, found:
519.1509; Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column [A = 214
nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 38.82 Min, tminor = 60.56 min;

ee = 94%; [OL]ZOD = +248.7 (c 1.0, CHCI3)]

1.203
1.180
1157
0.000

A
%
<3
f

T T T T T T T
9 8 7 6 13 4 3 2 1 0 PPM
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FR

90, 6086
49, 3914
100, 0000

70

]
3314779, 000
3235099, 500
63498385, 500

80:20

60

IC-H, 214 nm
0.7 mLimin

Hexane ProH

a5

50
B i (nin)
BiNERRE
1w
47517, 502
28911, 902
76429, B0
Ph
Ph
S19

rac

40
40,108

B2, 227

{R B |
EtC,C <QI|

35

a0

K2

&
o —
105EL e
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
f-—F—=A-—A--d4-—dA--—A--dA-——- - A= ===~ -l
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
- o p-—-—4——d-—dA-=-d=-=d--—A—=-A-——= - A= === === =
3 =t 1 1 1 1 1 1 1 1 1 1 1 1 1
b2 - 1 1 1 1 1 1 1 1 1 1 1 1 1
el - — 7 1 1 1 [ 1 [ [ 1 1
Ti8s 3 - 1 1 1 1 1 1 1 1 1 1 1 1 1
1 bl il 1 1 1 1 1 1 1 1 1 1 1
(£ — 1 il 1 1 1 1 1 1 ] 1 1 1 1 1
5vz18 — o L g R | |
T sl 1 1 1 1 1 1 1 1 1 1 1 1
E 1 al 1 1 1 1 1 1 1 1 1 1 1 1
= | i 1 1 1 1 1 1 1 1 1 1 1 1
| il 1 1 1 1 1 1 1 1 1 1 1 1
1 l.P:.\ = 1 1 1 1 1 1 1 1 1 1 1 1
e SR <] T T T R R R A A R
= —_— =1 T W - ___ o
mmmm&\ 3 = e=i 1 1 1 1 1 1 [ 1 1 1 1 1
7 L 2 1 1 1 1 1 1 1 1 1 1 1 1
L bl 1 1 1 1 1 1 1 1 1 1 1 1
3 - F=111 1 1 1 1 1 1 1 1 1 1 1 1
HT &l l l l l l l 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1 1 1 1
24 Aw ] P R DU Y SR SRR R T IR
IR N [ [ [ [ 1 1 1 1 1 1 1 I
- 1 1 1 1 1 1 1 1 1 1 1 1 1
e M 1 1 1 1 1 1 1 1 1 1 1 1
n_/__ 1 1 1 1 1 1 1 1 1 1 1 1
E=11} 1 1 1 1 1 1 1 1 1 1 1 1
m_m B 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 I I 1
mv n_l\._4|||_|||_|||_|||_|||_|||_|||_|||_|||_||I_|||_||I_
1 1 1 1 1 1 1 1 1 1 1 1 1
ZETLZL © n_Nl_ 1 1 1 1 1 1 1 1 1 1 1 1
852zt o] =l 1 1 1 1 1 1 1 1 1 1 1 1
mmiil/ _ 4 = T | | | | | | | 1 1 1 1 1 1
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2 O <
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N2000 ¥ T TS

Se4 it . 2011-08-22, 13: 34: 22 ot
1 B 30BN S U \HPLC \dhp \dhp~ 1 77 T-N-CHPh 2-IC-80- 20~ TS Al 2011-11-18, 21:69:13
0, 7-21ld-asv. oxg WaAd&EERE—&

i B (dhp-17-77-N-CHPh 2-1C-80-20-0. 7-214-asy. oxg)
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B00
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B 18 (min)

SRR

4 {REE R g™ o TET
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1 38.817
2 60,562

432819. 719
Todd, 33T
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308075, 500

96, 9618
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IC-H, 214 nm
Hexane:ProH = 80:20
0.7 mLfmin

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a

100, 0000

Chiralcel IC-H column

[A = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 38.82 Min, tminor =

60.56 min; ee = 94%:; [a]*’p = +248.7 (¢ 1.0, CHCI5)].

CN
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(3aR,4S,6aS)-ethyl  2-benzhydryl-4-(4-cyanophenyl)-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo-
penta[c]pyrrole-5-carboxylate (3g). Yield: 40 mg, 84%; colorless oil; IR (CH,Cl,): v 3030, 2982,
2228, 1776, 1712, 1634, 1607, 1496, 1449, 1348, 1355, 1327, 1271, 1189, 1170, 1094, 1019, 987,
919, 843, 807, 739, 700 cm *; *H NMR (300 MHz, CDCl3, TMS): 6 1.17 (3H, t, J = 7.2 Hz, CH3),
3.34 (1H, dd, J = 2.4, 7.5 Hz, CH), 4.05-4.20 (3H, m, CH+CH,), 4.62 (1H, s, CH), 6.52 (1H, s, CH),
6.98 (1H, d, J = 1.8, 2.7 Hz, CH), 7.22-7.34 (12H, m, ArH), 7.62 (2H, d, J = 8.1 Hz, ArH); *C
NMR (75 MHz, CDCl;, TMS): 6 13.9, 52.0, 52.8, 53.1, 58.7, 61.2, 114.4, 118.4, 127.8, 128.0, 128.4,
128.5, 132.7, 136.9, 137.0, 138.6, 140.5, 147.0, 162.4, 174.3, 177.0; MS (ESI) m/z (%): 477.0 (100)
[M*+1]; HRMS (ESI) Calcd. for CsgHo4N2NaO4 (M* + Na) requires 499.1628, found: 499.1611;
Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column [A = 214 nm; eluent:
hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 16.50 mMin, tminor = 19.33 min; ee = 96%;

[0]% = +299.1 (c 1.0, CHCI5)].
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N2000 238 s ;

soaeitid: 2011-08-21, 19:53:53 i
o B 0B SR 0 F \HFLC dhp'\ dhp— 1 7 T8-N-CHPh2- IC-50- 50— 5 A 2011-11-18, 22:00:34
0. 7-21d-azy. org o mmia—

£ B (dhp—17-T8-N-CHPh 2-IC-50-50-0. T-214-aszy. org)

950____:_____:_____I_____I _____ roTT T [ T [ [ 1 _____:_____:_____:__
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oL el e e el et el i el Bl Kbty Bttt
] O N
e e et Tt T T T R e et Rt R
L e e e
111 S e et S e e B e e ettt
O
M
’5‘ SDD____L____L____L____I__q__l_____l_
£ 450----L---_L____L____L_(_A
Magol L
R S R
o D
25 —--+t——--F——— k=== -4
200[ e
e O . § e e
L e e W et
e S S SR AN S O S R S N O S
R e T e B e e e T e
S ?* ittt et
13 14 14 16 17 18 19 20 21 22 23 24 25
Bt 8] (min)
1 16. 438 950996, 250 16559629, 000 7. 8055
2 18,332 a099, 071 371545, 938 21944
Eﬁ‘ 960095, 321 16831174, 938 100, 0000

MNC

9,

Ph IZ-H, 214 nm
EtO,C 0 N—< Hexane!PrOH = 50:50
Fh 0.7 mL/min

o}
asy

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column
[A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/Min; tmajor = 16.50 mMin, tminer =

19.33 min; ee = 96%; [a]p = +299.1 (¢ 1.0, CHCI5)].

Br

o
||l’> CO,Et

(3aR,4S,6aS)-ethyl  2-benzhydryl-4-(4-bromophenyl)-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo-

el
Ph. Y.

N
PH )y““
ol

penta[c]pyrrole-5-carboxylate (3h). Yield: 39 mg, 74%; colorless oil; IR (CH,Cl,): v 3029, 2980,
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1775, 1712, 1635, 1488, 1448, 1383, 1354, 1270, 1190, 1170, 1093, 1011, 987, 918, 877, 734, 698
cm % 'H NMR (400 MHz, CDCls, TMS): 8 1.17 (3H, t, J = 7.2 Hz, CH3), 3.33 (1H, d, J = 7.2 Hz,
CH), 4.07-4.16 (3H, m, CH+CH,), 4.54 (1H, s, CH), 6.51 (1H, s, CH), 6.92 (1H, s, CH), 7.05 (2H, d,
J = 8.4 Hz, ArH), 7.22-7.32 (10H, m, ArH), 7.43 (2H, d, J = 8.4 Hz, ArH); *C NMR (100 MHz,
CDCls, TMS): 6 13.9, 52.4, 52.68, 52.75, 58.6, 61.1, 121.2, 127.9, 128.46, 128.49, 128.6, 132.0,
137.0, 137.9, 140.7, 141.2, 162.8, 174.6, 177.3; MS (ESI) m/z (%): 530.0 (100) [M* + 1]; HRMS
(MALDI) Calcd. for Co9H24NO4BrNa (M* + Na) requires 552.0781, found: 552.0798; Enantiomeric
excess was determined by HPLC with a Chiralcel IC-H column [A = 214 nm; eluent:
hexane/isopropanol 50/50; flow rate: 0.7 mL/Min; tmajor = 9.06 Min, tmingr = 10.38 min; ee = 97%j;

[0]% = +240.9 (c 1.0, CHCI5)].
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column

[A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 9.06 MIN, tminor =

10.38 min; ee = 97%:; [a]*° = +240.9 (¢ 1.0, CHC

o
3.

Me—N .
)/\\\
(0]

(3aR,4S,6aS)-ethyl

15)].

Br

o

’ CO,Et

4-(4-bromophenyl)-2-methyl-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo-

penta[c]pyrrole-5-carboxylate (3i). Yield: 30 mg, 79%; colorless oil; IR (CH,Cl,): v 2981, 1781,
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1714, 1653, 1634, 1558, 1540, 1521, 1506, 1488, 1433, 1409, 1378, 1327, 1272, 1202, 1127, 1095,
1071,1011, 960, 891, 874, 828, 790, 740, 715 cm *; *H NMR (400 MHz, CDCl3, TMS): 6 1.17 (3H,
t, J = 7.2 Hz, CHg), 3.00 (3H, s, CH3), 3.32 (1H, dd, J = 1.6, 6.8 Hz, CH), 4.04-4.16 (3H, m,
CH+CH,), 4.50 (1H, s, CH), 6.89-6.90 (1H, m, CH), 7.08-7.10 (2H, m, ArH), 7.44-7.46 (2H, m,
ArH); *C NMR (100 MHz, CDCls, TMS): & 13.9, 25.2, 52.4, 52.5, 52.9, 61.0, 121.2, 128.7, 132.0,
137.7, 140.8, 141.0, 162.7, 175.2, 177.7; MS (ESI) m/z (%): 378.0 (100) [M* + 1]; HRMS (MALDI)
Calcd. for C17H1NO4BrNa (M* + Na) requires 400.0155, found: 400.0141; Enantiomeric excess was
determined by HPLC with a Chiralcel IC-H column [A = 214 nm; eluent: hexane/isopropanol 50/50;
flow rate: 0.7 ML/MIN; tmajor = 16.24 MinN, tyinor = 17.48 min; ee = 95%; [o]*% = +239.9 (c 1.0,
CHCIl3)].
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column
[A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/Min; tmajor = 16.24 min, tminer =

17.48 min; ee = 95%; [o]* = +239.9 (c 1.0, CHCI5)].

Cl
o) g
W,
Me—N ‘ CO,Et
I
0
(3aR,4S,6aS)-ethyl 4-(4-chlorophenyl)-2-methyl-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo-

penta[c]pyrrole-5-carboxylate (3j). Yield: 30 mg, 90%; colorless oil; IR (CH,Cl,): v 2982, 1781,
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1704, 1634, 1491, 1434, 1379, 1272, 1202, 1127, 1093, 1045, 1014, 1001, 959, 891, 874, 790, 751,

739, 666 cm % 'H NMR (400 MHz, CDCls, TMS): & 1.17 (3H, t, J = 6.8 Hz, CH3), 3.00 (3H, s,
CH3), 3.32 (1H, dd, J = 2.4, 7.6 Hz, CH), 4.04-4.17 (3H, m, CH+CH,), 4.52 (1H, s, CH), 6.90 (1H,

dd, J = 1.6, 2.4 Hz, CH), 7.14 (2H, d, J = 8.0 Hz, ArH), 7.30 (2H, d, J = 8.0 Hz, ArH); *C NMR

(100 MHz, CDCls, TMS): & 13.9, 25.2, 52.4, 52.6, 52.9, 61.0, 128.3, 129.0, 133.2, 137.6, 140.3,
141.1, 162.8, 175.2, 177.7; MS (ESI) m/z (%): 334.0 (100) [M* + 1]; HRMS (MALDI) Calcd. for

C17H1NO4CINa (M* + Na) requires 356.0660, found: 356.0659; Enantiomeric excess was

determined by HPLC with a Chiralcel IC-H column [A = 214 nm; eluent: hexane/isopropanol 80/20;

flow rate: 0.7 ML/MIn; tmajor = 31.48 Min, tyinor = 35.18 min; ee = 97%; [o]*% = +263.0 (c 1.0,

CHCly)].
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column
[A = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/Min; tmajor = 31.48 min, tminor =

35.18 min; ee = 97%; [a]*°> = +263.0 (c 1.0, CHCI5)].

(3aR,4S,6aS)-ethyl 4-(3-chlorophenyl)-2-methyl-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo-
penta[c]pyrrole-5-carboxylate (3k). Yield: 27 mg, 81%; colorless oil; IR (CH,Cl,): v 2981, 2936,
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1699, 1595, 1432, 1378, 1270, 1203, 1127, 1095, 1001, 960, 783, 765, 737, 699 cm *; 'H NMR (400
MHz, CDCl3, TMS): 6 1.17 (3H, t, J = 7.2 Hz, CHj3), 3.01 (3H, s, CH3), 3.34 (1H, dd, J = 2.0, 7.2 Hz,
CH), 4.05-4.19 (3H, m, CH+CHj), 4.51 (1H, s, CH), 6.92 (1H, dd, J = 1.6, 2.4 Hz, CH), 7.12 (1H,
dd, J = 1.6, 7.2 Hz, ArH), 7.17 (1H, s, ArH), 7.23-7.29 (2H, m, ArH); *C NMR (100 MHz, CDCls,
TMS): 6 13.9, 25.2, 52.5, 52.6, 52.9, 61.0, 125.3, 127.0, 127.6, 130.2, 134.7, 137.9, 140.9, 143.7,
162.7, 175.2, 177.7; MS (MALDI) m/z (%): 379.2 (100) [M*+ HCO,H]; HRMS (MALDI) Calcd.
for C17H17NO,4CI (M* + 1) requires 334.0841, found: 334.0847; Enantiomeric excess was determined
by HPLC with a Chiralcel IC-H column [A = 214 nm; eluent: hexane/isopropanol 80/20; flow rate:
0.7 ML/Min; tmgjor = 55.36 Min, tminor = 70.69 min; ee = 97%; [a]*°p = +316.0 (¢ 1.0, CHCI3)].
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column
[A = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/Min; tmajor = 55.36 Min, tminer =

70.69 min; ee = 97%:; [a]*p = +316.0 (¢ 1.0, CHCI5)].

>\“ Cl
Me—N_ ’ CO,Et
y
o}
(3aR,4R,6aS)-ethyl 4-(2-chlorophenyl)-2-methyl-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo-

penta[c]pyrrole-5-carboxylate (3I). Yield: 13 mg, 39%; colorless oil; IR (CH,Cl,): v 2982, 1782,
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1705, 1635, 1474, 1433, 1378, 1307, 1268, 1201, 1127, 1096, 1052, 1037, 1000, 959, 792, 758, 690
cm % 'H NMR (400 MHz, CDCls, TMS): 8 1.14 (3H, t, J = 7.2 Hz, CH3), 3.01 (3H, s, CH3), 3.37
(1H, d, J = 7.2 Hz, CH), 4.03-4.16 (3H, m, CH+CH,), 5.02 (1H, s, CH), 6.97 (1H, dd, J = 1.6, 2.0
Hz, CH), 7.04-7.05 (1H, m, ArH), 7.20-7.22 (2H, m, ArH), 7.41-7.43 (1H, m, ArH); *C NMR (100
MHz, CDCls;, TMS): 6 13.9, 25.2, 51.9, 53.2, 61.0, 127.1, 128.7, 130.3, 133.6, 138.6, 138.8, 140.5,
162.7, 175.2, 177.4; MS (ESI) m/z (%): 334.1 (100) [M* + 1]; HRMS (MALDI) Calcd. for
C17H16NO4CINa (M* + Na) requires 356.0660, found: 356.0651; Enantiomeric excess was
determined by HPLC with a Chiralcel IC-H column [A = 214 nm; eluent: hexane/isopropanol 80/20;
flow rate: 0.7 ML/MIN; tmajor = 42.76 MiN, tminor = 48.89 min; ee = 73%; [o]*% = +245.6 (c 1.0,
CHCIl3)].
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column
[A = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/Min; tmajor = 42.76 mMin, tminor =

48.89 min; ee = 73%; [a]*°p = +245.6 (¢ 1.0, CHCI5)].
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W,
Me—N ‘ CO,Et
I
o}
(3aR,4S,6aS)-ethyl 2-methyl-1,3-dioxo-4-phenyl-1,2,3,3a,4,6a-hexahydrocyclo-

penta[c]pyrrole-5-carboxylate (3m). Yield: 22 mg, 74%; colorless oil; IR (CH,Cl,): v 3029, 2981,
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1781, 1705, 1634, 1601, 1558, 1540, 1506, 1495, 1454, 1433, 1379, 1329, 1272, 1202, 1127, 1095,
1045, 997, 959, 889, 872, 793, 761, 736, 700 cm *; *H NMR (400 MHz, CDCl3, TMS): 6 1.15 (3H, t,
J = 7.2 Hz, CHs), 3.00 (3H, s, CH3), 3.37 (1H, d, J = 7.6 Hz, CH), 4.01-4.17 (3H, m, CH+CH,),
454 (1H, d, J = 1.6 Hz, CH), 6.89 (1H, dd, J = 1.6, 2.4 Hz, CH), 7.20 (2H, d, J = 8.0 Hz, ArH),
7.25-7.27 (1H, m, ArH), 7.31-7.35 (2H, m, ArH); *C NMR (100 MHz, CDCl;, TMS): § 13.9, 25.1,
52.8, 52.9, 53.0, 60.9, 126.9, 127.3, 128.9, 137.3, 141.5, 141.8, 163.0, 175.5, 178.0; MS (ESI) m/z
(%): 300.1 (100) [M* + 1]; HRMS (MALDI) Calcd. for C;;H1sNO;Na (M* + Na) requires 322.1050,
found: 322.1053; Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column [A =
214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 35.87 min, tminor = 43.68

min; ee = 95%; [a]*’p = +276.5 (¢ 1.0, CHCI5)].
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column
[A = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/Min; tmajor = 35.87 min, tminor =

43.68 min; ee = 95%; [a]*’p = +276.5 (¢ 1.0, CHCI5)].

Me
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y
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(3aR,4S,6aS)-ethyl 2-methyl-1,3-dioxo-4-(p-tolyl)-1,2,3,3a,4,6a-hexahydrocyclo-

penta[c]pyrrole-5-carboxylate (3n). Yield: 20 mg, 64%; colorless oil; IR (CH,Cl,): v 2981, 1780,
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1705, 1653, 1634, 1558, 1540, 1513, 1433, 1379, 1327, 1271, 1201, 1126, 1094, 1045, 1000, 959,
819, 786, 739, 721 cm *; *H NMR (400 MHz, CDCl3, TMS): 6 1.16 (3H, t, J = 7.2 Hz, CH3), 2.32
(3H, s, CH3), 3.00 (3H, s, CH3), 3.34 (1H, dd, J = 2.0, 7.2 Hz, CH), 4.03-4.15 (3H, m, CH+CH,),
451 (1H, d, J = 2.4 Hz, CH), 6.86-6.87 (1H, m, CH), 7.09 (2H, d, J = 8.0 Hz, ArH), 7.13 (2H, d, J =
8.0 Hz, ArH); *C NMR (100 MHz, CDCl;, TMS): § 13.9, 21.0, 25.1, 52.6, 52.89, 52.92, 60.8, 126.8,
129.5, 136.99, 137.03, 138.8, 141.6, 163.0, 175.6, 178.1; MS (ESI) m/z (%): 314.1 (100) [M" + 1];
HRMS (MALDI) Calcd. for CigH1ogNOsNa (M* + Na) requires 336.1206, found: 336.1207;
Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column [A = 214 nm; eluent:
hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 33.94 mMin, tminor = 41.40 min; ee = 96%;

[0]% = +258.2 (c 1.0, CHCI5)].
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column
[A = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 33.94 Min, tminor =

41.40 min; ee = 96%; [a]*°p = +258.2 (¢ 1.0, CHCI5)].

OMe

. U

\

Mo
Me—N ’ CO,Et

)

S44



(3aR,4S,6aS)-ethyl 4-(4-methoxyphenyl)-2-methyl-1,3-dioxo-1,2,3,3a,4,6ahexahydrocyclo-
penta[c]pyrrole-5-carboxylate (30). Yield: 18 mg, 55%; colorless oil; IR (CH,Cl,): v 2937, 1780,
1704, 1632, 1610, 1512, 1433, 1379, 1274, 1203, 1178, 1126, 1094, 1033, 1000, 959, 833, 794, 727
cm % 'H NMR (400 MHz, CDCls, TMS): 8 1.16 (3H, t, J = 7.2 Hz, CH3), 3.00 (3H, s, CH3), 3.33
(1H, dd, J = 2.0, 7.2 Hz, CH), 3.79 (3H, s, CHs), 4.03-4.16 (3H, m, CH+CH,), 4.49-4.51 (1H, m,
CH), 6.84-6.87 (3H, m, CH+ArH), 7.10-7.14 (2H, m, ArH); **C NMR (100 MHz, CDCls, TMS): §
13.9, 25.1, 52.2, 52.8, 52.9, 55.2, 60.8, 114.2, 128.0, 133.9, 136.8, 141.7, 158.7, 163.0, 175.6, 178.1;
MS (ESI) m/z (%): 330.1 (100) [M™ + 1]; HRMS (MALDI) Calcd. for CigHigNOsNa (M* + Na)
requires 352.1156, found: 352.1145; Enantiomeric excess was determined by HPLC with a Chiralcel
IC-H column [A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 23.56
MiN, tminor = 34.64 min; ee = 96%; [a]*° = +273.1 (c 1.0, CHCI5)].
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column
[A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/Min; tmajor = 23.56 Min, tminor =

34.64 min; ee = 96%; [a]*’p = +273.1 (¢ 1.0, CHCI5)].

d_
o
3
Me—N CO,Et
y
o
(3aR,4R,6aS)-ethyl 4-(furan-2-yl)-2-methyl-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo-

penta[c]pyrrole-5-carboxylate (3p). Yield: 26 mg, 69%; yellow oil; IR (CH,Cl,): v 2982, 1780,
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1704, 1635, 1505, 1434, 1380, 1282, 1195, 1127, 1096, 1013, 959, 893, 856, 791, 738 cm *; 'H
NMR (400 MHz, CDCls, TMS): 6 1.23 (3H, t, J = 7.2 Hz, CHs), 3.00 (3H, s, CHs3), 3.55 (1H, dd, J =
2.0, 7.2 Hz, CH), 4.04-4.15 (3H, m, CH+CH,), 4.60 (1H, d, J = 2.0 Hz, CH), 6.18 (1H, d, J = 3.2
Hz, ArH), 6.32 (1H, dd, J = 2.0, 3.2 Hz, CH), 6.83-6.84 (1H, m, ArH), 7.31-7.32 (1H, m, ArH); *C
NMR (100 MHz, CDCl3, TMS): 6 14.0, 25.2, 46.2, 49.7, 52.9, 61.0, 106.5, 110.6, 138.1, 138.8,
142.0, 153.2, 162.8, 175.5, 177.7; MS (ESI) m/z (%): 290.0 (100) [M* + 1]; HRMS (ESI) Calcd. for
CisH1sNNaOs (M*+ Na) requires 312.0842, found: 312.0836; Enantiomeric excess was determined
by HPLC with a Chiralcel IC-H column [A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate:
0.7 ML/Min; tmajor = 19.80 Min, trminor = 23.53 min; ee = 96%; [a]*°p = +240.8 (¢ 1.0, CHCI3)].
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column
[A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/Min; tmajor = 19.80 min, tminor =

23.53 min; ee = 96%; [a]*°p = +240.8 (c 1.0, CHCI5)].

NO,

Me—N , ’ COMe

y

o}
(3aS,6S,6aR)-5-acetyl-2-methyl-6-(4-nitrophenyl)-6,6a-dihydrocyclopenta[c]pyrrole-

1,3(2H,3H)-dione (3q). Yield: 32 mg, >99%; colorless solid, mp 268-272 °C; IR (CH,Cly): v 2957,
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2927, 2858, 1780, 1701, 1668, 1596, 1514, 1433, 1347, 1280, 1124, 1058, 1011, 963, 851, 809, 756,
740, 705, 640 cm ™ %; *H NMR (400 MHz, CDCls, TMS): § 2.32 (3H, s, CH3), 3.03 (3H, s, CH3) 3.33
(1H, dd, J = 2.0, 7.2 Hz, CH), 4.28-4.31 (1H, m, CH), 4.65-4.68 (1H, m, CH), 6.89 (1H, dd, J = 1.2,
2.0 Hz, CH), 7.36 (2H, d, J = 8.4 Hz, ArH), 8.18 (2H, d, J = 8.4 Hz, ArH); *C NMR (100 MHz,
CDCls, TMS): 6 25.3, 27.2, 51.7, 52.3, 53.5, 124.2, 127.9, 138.3, 147.1, 148.3, 149.1, 174.8, 177.1,
194.1; MS (ESI) m/z (%): 315.0 (100) [M* + 1]; HRMS (ESI) Calcd. for C1sH14N,NaOs (M* + Na)
requires 337.0795, found: 337.0793; Enantiomeric excess was determined by HPLC with a Chiralcel
PA-2 column [A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 47.66
MiN, tminor = 70.64 min; ee = 97%; [a]*° = +389.8 (¢ 1.0, CHCI5)].
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel PA-2 column
[A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 47.66 MiN, tminor =

70.64 min; ee = 97%; [a]*°> = +389.8 (c 1.0, CHCI5)].

Br

/Il,,
Me—N ’ COMe
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(3aS,6S,6aR)-5-acetyl-6-(4-bromophenyl)-2-methyl-6,6a-dihydrocyclopenta[c]pyrrole-
1,3(2H,3aH)-dione (30). Yield: 32 mg, 92%; colorless solid, mp 185-189 °C; IR (CH,Cl,): v 3072,
2950, 2926, 1780, 1701, 1677, 1616, 1487, 1432, 1380, 1282, 1127, 1072, 1010, 962, 893, 825, 744
cm % 'H NMR (400 MHz, CDCls, TMS): & 2.28 (3H, s, CH3), 3.01 (3H, s, CH3) 3.29 (1H, dd, J =
1.6, 7.2 Hz, CH), 4.20-4.23 (1H, m, CH), 4.53-4.56 (1H, m, CH), 6.89 (1H, dd, J = 1.6, 2.8 Hz,
CH), 7.06 (2H, d, J = 8.4 Hz, ArH), 7.44 (2H, d, J = 8.4 Hz, ArH); *C NMR (100 MHz, CDCl;,
TMS): ¢ 25.2, 27.3, 52.0, 52.1, 53.4, 121.2, 128.6, 132.0, 137.4, 140.8, 148.7, 175.3, 177.5, 194.3;
MS (ESI) m/z (%): 348.0 (100) [M™ + 1]; HRMS (ESI) Calcd. for CigH14BrNNaOs; (M* + Na)
requires 370.0049, found: 370.0037; Enantiomeric excess was determined by HPLC with a Chiralcel
PA-2 column [A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 17.12
MiN, tminor = 24.92 min; ee = 98%; [a]*° = +360.6 (c 1.0, CHCI5)].
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HPLC Report

Sample Name: Data File:Dhp—19-T0-subZ2-rac PA-2 55 Z14 0. 7. che
Operator: Date:2012-01-13
Time:15:35
m
600
500
4001 =
300
=
200 i
" /L
o
) a & 2 15 | 24 m @ 35 o
Min
Mo, PeakMo 1D Name R Time PeakHeight Peakfrea PerCent
1 1 1T 177 320400, 0 16081475, 9 50. 8485
2 2 24. 277 143764, 6 15544750, 1 49, 1615
Total 464164, 6 31626226.0 100. 0ooo
Br

i 0
PA-2,214 nm

MeloC C M-he HexanePrOH = 50:50
0.7 mLdmin

rac
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HPLC Report

Sample Name: Data File:Dhp—19-70-subZ-asy PA-2 55 214 0. 7. che
Operator: Date:2012-01-13
Time:16:20
ey
1000
2007
5
fi004 =
a00-
200 .
=
I
o
0 -] 8 12 16 20 249 28 32 36
Min
Mo. PeakMo 1D Name R Time PeakHeight Peakirea PerCent
1 1 17127 BE2022. 2 28204438.9 09, 1938
2 2 24,927 2200.4 229976.4 0. 8062
Total B64222. 8 28524415, 3 100, 0aoo

Br

i 0
PA-2,214 nm

MeoCc C M -he Hexane!PrOH = 50:50

0.7 mLimin
o]

asy

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel PA-2 column
[A = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/Min; tmajor = 17.12 min, tminer =

24.92 min; ee = 98%; [a]*’p = +360.6 (c 1.0, CHCI5)].

2. General procedure for the dihydroxylation of 4c [2,3].

General Procedure: NalO4 (0.16 mmol, 34 mg, 2 equiv) and distilled water (0.1 mL) were added to
a flask. After the NalO,4 had been dissolved, the solution was cooled to 0 °C, and two drops of H,SO,
aqueous (2 M) was added and stirred for 5 min. Then RuCl33H,0 (0.008 mmol, 3.0 mg, 0.1 equiv)
was added, followed by two drops of H,SO,4 aqueous (2 M). The resulting solution was stirred for 5
min, and then EtOAc (0.2 mL) was added. After the solution had been stirred for 5 min, CH3;CN (0.3

mL) was added. The solution was stirred for 5 min, and then a solution of substrate 3c (0.08 mmol,
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34 mg) in EtOAc (0.3 mL) was added. The solution was further stirred for 10 min, and then 10%
NaHCOg3 (0.7 mL) and saturated Na,SOj3 solution (2.5 mL) were added. After the solution had been
stirred for 30 min at room temperature, it was extracted with EtOAc (3 x 5 mL). The combined
organic extracts were dried over anhydrous Na,SQy, filtered, and the solvent was removed under
reduced pressure and residue was chromatographed on silica gel (elution with petroleum

ether/EtOAC 2:1) to provide compound 4c.

NO,
0»\ CO,Et
" OH
N M,
BTN "oH
o)

(3aR,4R,5S,6S,6aR)-ethyl  2-benzyl-4,5-dihydroxy-6-(4-nitrophenyl)-1,3-dioxooctahydrocyclo-
penta[c]pyrrole-5-carboxylate (4c). Yield: 25 mg, 69%; yellow oil; IR (CH.Cl,): v 2961, 2925,
2854, 1699, 1519, 1399, 1347, 1259, 1089, 1017, 796, 699 cm *; *H NMR (400 MHz, CDCl3, TMS):
§1.00 (3H, t, J = 7.2 Hz, CH3), 3.32 (1H, d, J = 3.6 Hz, OH), 3.66-3.76 (2H, m, CH+CH), 3.82 (1H,
s, OH), 3.88 (1H, d, J = 5.6 Hz, CH), 3.92-4.08 (2H, m, CH,), 4.59 (1H, dd, J = 3.6, 5.6 Hz, CH),
4.63-4.74 (2H, m, CH,), 7.28-7.41 (5H, m, ArH), 7.48-7.51 (2H, m, ArH), 8.18-8.20 (2H, m, ArH);
3C NMR (100 MHz, CDCl3, TMS): & 13.8, 42.8, 46.8, 47.6, 52.9, 62.9, 74.7, 87.3, 123.7, 127.9,
128.5, 128.58, 128.64, 135.2, 144.3, 147.3, 170.7, 175.0, 177.3; MS (MADLI) m/z (%): 477.4
(38.0) [M* + Na]; HRMS (MADLI) Calcd. for Cy3H23N20g (M* + 1) requires 455.1449, found:
455.1457; [a]®°p = +73.3 (¢ 1.0, CHCI5)].
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axp8 NOESY

SAMPLE
date Feb 7 2012
tolvent Ccoc1z
sanple dhp=19-76~r~

e_07Feb2012
ACQUIS oN

W 4807,7
at 0.213
np 2048
fb mt used

$s 3
d1 2.000

nt 32
20 ACQUISITION
swi 4807.7

nt 128
TRANSHITTER
tn "
sfrg 300.028
tof 264.0
tpwr 60
8.400
NOESY
mix 0.
PRESATURATION
satnode nnnn
satpwr 0
sna!y 0
satf
DECOIIPI.U(
dn nnn

FLAGS
hs n
sspul y
PFGEIg M
hsgivi 1043
SPE
temp not used
gain 26
spin 0
F2 PROCESSING
b 3.00
of 0.080
(5 not uzcd
fl PRUCESS!HO
['}4 025
gfsl nof. usm
proci p
048
DISPLAY
sp -282.3
wp 2976.6
spl -294.0
wpl 29%0.7
rfl 601.5
rip 0
rfi1 599.2
rfpl 0
PLOT
we 155.0
sc 10.0
wez 155.0
8c2 0
v 373
th 2
ai ph
NO,

NOESY (Varian Mercury-300 MHz)

e

!
F2

U ke

-0 1 P~

6 5 4 3 2 1 5 )
F1 (ppm)

NOESY spectra of 4c after adding D,O into the NMR tube
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exp8  NOLSY

SANPLE FLAGS
date Feb 13 2012 hs n
solvent coc13  sspul Y
sasple denghp-19-7~ PFGfig Y
6-020_13Febz012 hsgiv] 1043
ACQUISITION SPECIAL
Sw 4B07.7 temp not used
at 0.213 gain 22
np 7048 spin
b not used  FZ PROCESSING ' l
113 3: 1 3.0 | " "‘
a1 2.000 of 0.071 2: 1 L LN W
at 32 qgfs not used
2D ACQUISITION n 204
swi 4807.7 1 PROCLSSING
nl 128 f1 0.025
TRANSNITTLR gfsl mot used B
n proct 1p F2
sfrq 300.02% fnl 2048 1
tof 264.0 DISPLAY | (ppm}
tpwr 60 sp -299.9 ) 1
8.400 wp 2986.0 1 -0
NOLSY spl -282.9 1
X 0.800 wpi 3004.8
FRESATURATION o G00.2
satmode nnon rip 0 J
satpwr 0 rfil 598.0 — 1 -
satdly 0 rfpt ° ) |
satfrq 0 PLOT ph T {
DECOUPLER we 155.9 ] ]
dan ci3 19.0 4 |
dn nnn - vel 155.0 | 2
se? 0 1
vs 680 0 |
th o
al ph
3
|
— o ®
—— 3 e P
3 f s
\ \
— i L s J hd
| S+
l ‘ )
| 6 1
7
e o 4
— o ¥ ‘ e oo
A
B =}
9 8 / 6 5 4 3
F1 (ppm)

1P NMR Spectroscopy of the control experiments

S
Ph
Bn,, HN/H\N—<
H Pn
o OBoc

PPh,
COMe

(TP)

| N—-Ph +

Br CDCl3, 10 min

0]
1a 2d
a. TP (0.05 mmol)
b. 1a (0.05 mmol) and TP (0.05 mmol)
c.
d.

2d (0.05 mmol) and TP (0.05 mmol)
1a (0.05 mmol), 2d (0.05 mmol) and TP (0.05 mmol)
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Figure SI-1. **P NMR Spectra (161.9 MHz, CDCls) of control experiments
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